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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of : 

In-sung Kim et al. : Attn: Applications Branch 

Serial No. [NEW] : Attorney Docket No. SEC.747 

Filed: August 18, 2000 : 

For: SEMICONDUCTOR DEVICE HAVING SELF-ALIGNED CONTACT AND 
METHOD OF FABRICATING THE SAME 

PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner 
of Patents and Trademarks, 
Washington, D.C. 20231 

Sir: 

Preliminary to the examination of the above-identified application, please enter 
the following amendments and remarks. 

IN THE CLAIMS 

Please amend the claims as follows: 

10. (Amended) The method of claim 9, wherein the [of] removing of portions of 
the first and second interlayer dielectric layers comprises: 

forming a photosensitive film pattern on the second interlayer dielectric layer, the 
photosensitive film pattem defining an opening therein having widths, in two orthogonal 
X and Y directions, that are greater than the critical dimension of and the width of the 
gap in the conductive line, respectively, and 
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etching the second portion of the second interlayer dielectric layer overlvina the 
gap , the first portion of the second interlayer dielectric layer occupying the gap in the 
conductive line, and [a] the portion of the first interlayer dielectric layer [underlying the 
gap in] overlvina the conductive [line] region , using the photosensitive film pattern and 
the conductive line as etch masks. 



1 1 . (Amended) The method of claim 9, wherein the etching of the first and 
second interlayer dielectric layers comprises: 

etching the second portion of the second interlayer dielectric layer using the 
photosensitive film pattern as an etch mask until a portion of the conductive line 
defining the gap is exposed, and 

discretelv etching the first portion of the second interlayer dielectric layer 
occupying the gap in the conductive line, and the portion of the first interlayer dielectric 
layer underlying the gap, using the etched second interlayer dielectric layer and the 
portion of the conductive line defining the gap therein as etch masks. 

12. (Amended) The method of claim 9, wherein the [etching] forming of the 
portion of the conductive line defining the gap therein comprises an anisotropic etching 
process which produces inclined sidewalls therein, whereby the cross-sectional area of 
an upper portion of the contact hole is greater than that of a lower portion thereof. 
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REMARKS 

By this Preliminary Amendment, claims 10-12 have been amended. Entry of this 
Preliminary Amendment is respectfully requested. 

Respectfully submitted, 
Jones Volentine, LLC 
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Reston.VA 20191 

Tel. No. (703) 715-0870 

Fax No. (703)715-0877 

Date: August 18, 2000 
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SEMICONDUCTOR DEVICE HAVING SELF-ALIGNED CONTACT 
AND METHOD OF FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to semiconductor devices and to a method of 
fabricating semiconductor devices. More particularly, the present invention relates to 
a semiconductor device having a self-aligned contact and to a method of fabricating 
the same. 

2. Description of the Related Art 

In order to fabricate semiconductor devices, several patterns of different 
materials, for example, a metal film pattern, a semiconductor film pattern, a dielectric 
film pattern, etc., are formed on a semiconductor substrate in a predetermined order. 
When forming these patterns on the semiconductor substrate, a mask is formed on 
one film pattern, i.e., an underlying film pattern, in alignment therewith, and then the 
overlying pattern is formed by photolithography making use of the mask in order to 
align the overlying film pattern with the underlying film pattern. However, the more 
densely integrated semiconductor devices are to become, the smaller the allowable 
mask alignment margin must become. That is, it is becoming more and more difficult 
to accurately align overlying film patterns with underlying film patterns. The mask 
alignment margin, therefore, presents an obstacle in increasing the integration 
density of semiconductor devices. In fact, if the mask alignment margin is too great, 
the operating characteristics of the semiconductor devices are denigrated. 

One problem which occurs when underlying and overlying film patterns are 
mis-aligned with each other will now be described in detail with reference to FIGS. 1 
and 2. 

In the conventional semiconductor device fabrication technique, an interlayer 
dielectric layer 12 is formed on a semiconductor substrate 10. Then, a contact plug 
16, which contacts a junction region 14 of a semiconductor device, for example, a 
source or drain region, is formed as an underlying film pattern within the interlayer 
dielectric layer 12. Subsequently, a conductive layer is formed over the region 
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where the contact plug 16 was formed. Then the conductive layer is patterned, using 
photolithography, to produce a conductive line 18 which represents an overlying 
pattern with respect to the contact plug 16. The conductive line 18 and the contact 
plug 16 are often misaligned (see FIG. 1) due to the large margin of error inherent in 
the photolithography process, whereby the conductive line 18 and the contact plug 
16 form a poor contact 20. 

When the contact plug 16, which is an underlying film pattern, and the 
conductive line 18, which is an overlying film pattern, are not accurately aligned, the 
operating characteristics of the resultant semiconductor device is adversely affected. 
Specifically, a reduction in the contact area between the contact plug 16 and the 
conductive line 18 increases the contact resistance, thereby reducing the operating 
speed of the semiconductor device. 



SUMMARY OF THt^ INVENTION 
One object of the present invention is to provide a method of aligning 
underlying and overlying film patterns with each other within a small alignment 
margin, whereby the resultant semiconductor device is has a high integration 
density. 

Another object of the present invention is to provide a method of fabricating 
semiconductor devices which is not affected by the margin of error inherent in the 
photolithography process. 

To achieve these objects, the present invention provides a method of 
fabricating semiconductor devices, comprising the steps of forming a conductive 
region on a semiconductor substrate, forming a first interlayer dielectric layer on the 
entire surface of the semiconductor substrate on which the conductive region has 
been formed, forming a conductive line on the first interlayer dielectric layer, forming 
a second interlayer dielectric layer on the conductive line, removing portions of the 
first interlayer dielectric layer, conductive line, and second interlayer dielectric layer 
which are formed on the conductive region to thereby forma contact hole which 
exposes the conductive region, and filling the contact hole with a conductive material 
to connect the conductive line to the conductive region. 

The conductive line may be formed by a Damascene process. 



The contact hole may be formed by first forming a photosensitive film pattern 
on the second interlayer dielectric layer, the pattern defining an opening having a 
width that is greater than the critical dimension of the conductive line. Then, the 
conductive line is exposed by etching the second interlayer dielectric layer using the 
photosensitive film pattern as an etch mask. Thereafter, the contact hole is formed 
by etching the conductive line and the first interlayer dielectric layer. In some 
circumstances, the photosensitive film pattern may be removed after the conductive 
line is exposed. 

To achieve the above-mentioned objects, the present invention also provides 
a method of fabricating semiconductor devices, comprising the steps of forming a 
conductive region on a semiconductor substrate, forming a first interlayer dielectric 
layer on the entire surface of the semiconductor substrate on which the conductive 
region has been formed, forming a conductive line on the first interlayer dielectric 
layer such that a portion of the conductive line has a gap therein, forming a second 
interlayer dielectric layer on the conductive line, forming a contact hole by removing 
a portion of the first interlayer dielectric layer on the conductive region, a first portion 
of the second interlayer dielectric layer occupying the gap in the conductive line, and 
a second portion of the second interlayer dielectric layer overlying the gap, and filling 
the contact hole with a conductive material to connect the conductive line to the 
conductive region. 

The discontinuous conductive line may be formed by a Damascene process. 

On the other hand, the contact hole may be formed by first forming a 
photosensitive film pattern on the second interlayer dielectric layer, the 
photosensitive pattern defining an opening having respective widths that are greater 
than the critical dimension and the width of the gap in the conductive line as taken 
therealong, respectively. Then, the first and second portions of the second 
interiayer dielectric layer, and a portion of the first interiayer dielectric layer 
underlying the gap in the conductive line are etched away. 

Another object of the present invention is to provide a semiconductor device 
having a self-aligned contact, and yet also possessing a high integration density. 

To achieve this object, the present invention provides a semiconductor device 
having a conductive region, a conductive line, and a contact plug electrically 
connecting the conductive line to the conductive region, wherein the conductive line 



is electrically connected to the conductive region via the sidewalls of the contact 
plug, the conductive region is electrically connected to the conductive line via the 
bottom of the contact plug, and the cross-sectional area of the contact plug 
decreases in a direction extending from the upper portion of the contact plug to the 
lower portion thereof. 

Preferably, the lower portion of the contact plug is self-aligned with the critical 
dimension of the conductive line. The upper portion of the contact plug is preferably 
wider than the critical dimension of the conductive line. 

The conductive region may be a bit line contact pad, a word line contact pad. 
a source region, a drain region, a gate electrode, or an interlayer wiring. 

The conductive line may be a bit line, a word line, or an interlayer wiring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantage of the present 
invention will become more apparent by referring to the following detailed 
description of the preferred embodiments thereof made with reference to the 
attached drawings, of which: 

FIG. 1 is a plan view of part of a semiconductor substrate on which an 
underlying film pattern and an overlying film pattern have been formed by a 
conventional technique; 

FIG. 2 is a cross-sectional view taken along line ll-IT of FIG. 1 ; 

FIGS. 3A through 9B are cross-sectional views of a semiconductor substrate 
illustrating a first embodiment of a semiconductor device fabrication method 
according to the present invention; and 

FIGS, 10 through 16 are cross-sectional views of a semiconductor substrate 
illustrating a second embodiment of a semiconductor device fabrication method 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A semiconductor device having a self-aligned contact, and a method of 
fabricating the same according to the present invention will now be described in 
detail with reference to the attached drawings. Like reference numerals designate 
like elements throughout the drawings. However, the thicknesses of layers and/or 



regions are exaggerated in the drawings for clarity. Also, when a layer is described 
as being formed "on" another layer or a substrate, the layer can be formed directly 
on the other layer or the substrate, or other layers can be interposed between the 
layer being described and the other layer or the substrate. Still further, a spacial 
coordinate system is shown on the left side of each drawing to facilitate an 
understanding of the drawings. With regard to the spacial coordinate system, the X 
axis extends in the width-wise direction of a conductive line, the Y axis extends in 
the length-wise direction of the conductive line, and the various patterns of the 
semiconductor device are stacked on the semiconductor substrate in the direction of 
the Z axis. 

A first embodiment of a semiconductor device fabrication method according 
to the present invention will now be described with reference to FIGS. 3A through 
9A. Among these figures, FIGS. 3A, 4A, 5A, 6A, 7A, 8A and 9A are cross-sectional 
views taken along the X-axis, and FIGS. 3B, 4B, 5B, 6B, 7B, 8B and 9B are 
cross-sectional views taken along the Y-axis, 

Referring now to FIGS. 3A and 38, first, a conductive region 31 is formed in 
the upper portion of a semiconductor substrate 30. Then, a first interlayer dielectric 
layer 32 is formed on the semiconductor substrate 30 in which the conductive region 

31 has been formed. The conductive region 31 may be an interlayer wiring having a 
mulfi-layered wiring structure, a bit line contact pad, a word line contact pad, a 
source region, a drain region or a gate electrode. The first interlayer dielectric layer 

32 may be a silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, an 
undoped silicate glass (USG) layer, a borosilicate glass (BSG) layer, a 
borophosphosilicate glass (BPSG) layer, a plasma enhanced tetraethylorthosilicate 
(PE-TEOS) layer, a TEOS layer or an O3-TEOS layer. 

Subsequenfiy, a conductive layer is deposited on the first interlayer dielectric 
layer 32, and then photolithography is performed on the resultant structure, thereby 
forming a conductive line 34. The conductive line 34 may be an impurity-doped 
polysilicon film, a copper film, a gold film, an aluminum film, a silver film, a tungsten 
film or a silicide film. Alternatively, the conductive line 34 may comprise two or more 
stacked films. For example, the conductive line 34 may be a double layer 
comprising a tungsten silicide first film and an impurity-doped polysilicon second 
film. 



Next, referring to FIGS. 4A and 4B, a second interlayer dielectric layer 36 is 
formed on the entire surface of the senniconductor substrate 30 on which the 
conductive line 34 has been formed. The second interlayer dielectric layer 36 may 
be a silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, a USG layer, 
a BSC layer, a BPSG layer, a PE-TEOS layer, a TEOS layer or an O3-TEOS layer. 
If the upper surface of the second interlayer dielectric layer 36 is not flat, the entire 
surface thereof can be planarized by an a method appropriate to the material 
thereof, e.g., a chemical mechanical polishing (CMP) method, an etch back method, 
or a thermal reflow method. 

Moreover, the conductive line 34 may be formed by a Damascene process. 
In the Damascene process, a second lower interlayer dielectric layer having a line- 
shaped opening, which defines a conductive line, is formed on the first interlayer 
dielectric layer 32. A conductive layer is then formed thereon so as to fill the line- 
shaped opening, and then Is planarized so that the upper surface of the conductive 
layer is substantially level with the upper surface of the second lower interlayer 
dielectric layer. Accordingly, the conductive line 34 is formed within the second lower 
interlayer dielectric layer. Subsequently, a second upper interlayer dielectric layer is 
formed on the second lower interlayer dielectric layer. The second lower interlayer 
dielectric layer and the second upper interlayer dielectric layer may be a silicon 
oxide layer, a silicon nitride layer, a silicon oxynitride layer, a USG layer, a BSG 
layer, a BPSG layer, a PE-TEOS layer, a TEOS layer or an O3-TEOS layer. 

Referring again to FIGS 4A and 4B, a photosensitive film is formed on the 
second interlayer dielectric layer 36. The photosensitive film is then patterned so as 
to form a photosensitive film pattern 38 which exposes the upper surface of the 
second interiayer dielectric layer 36. More specifically. The photosensitive film 
pattern 38 defines an opening having a first width as measured along the X-axis 
and a second width W2 as measured along the Y-axis. The first width can be 
greater than the critical dimension (D) of the conductive line 34. 

Alternatively, an anti-reflection layer (not shown) may be formed on the 
second interiayer dielectric layer 36 before the photosensitive film 38 is formed 
thereon. In this case, when the photosensitive film is exposed during 
photolithography, the anti-reflection layer prevents the exposure light from reflecting 
at the surface of the conductive line 34 or at the surface of the film pattern formed 



under the conductive line 34, thereby presen/ing the profile of the photosensitive film 
pattern 38. 

Referring to FIGS. 5A and 5B, the second interlayer dielectric layer 36 is 
etched using the photosensitive film pattern 38 as a mask to thus expose the upper 
surface of the conductive line 34 and portions 40 of the second interlayer dielectric 
layer on the left and right sides of the conductive line 34. An anisotropic dry etching 
method, such as a reactive ion etching method, is preferably used to etch the 
second interlayer dielectric layer 36 and thereby expose the upper surface of the 
conductive line 34 and portions 40 of the second interlayer dielectric layer. 

The etching of the second interlayer dielectric layer 36 preferably stops at the 
upper surface of the conductive line 34, In this case, the portions 40 of the second 
interiayer dielectric layer on the left and right sides of the conductive line 34 are 
exposed, as shown in FIG. 5A, because the first width is larger than the critical 
dimension D of the conductive line 34. For reasons that will be described in more 
detail later on, in the first embodiment of the present invention, the finally formed 
self-aligned contact is to have the width no smaller than the critical dimension D of 
the conductive line 34. 

Referring to FIGS. 6A and 6B, the conductive line 34 is etched by using the 
photosensitive film pattern 38 and the second interiayer dielectric layer 36 as masks. 
An anisotropic dry etching method, such as a reactive ion etching method, is also 
preferably used for etching the conductive line 34. 

The reaction gas for etching the conductive line 34 is preferably capable of 
etching the conductive line 34 faster than the second interiayer dielectric layer 36. 
That is, a reaction gas having a large selectivity of the conductive line 34 with 
respect to the second interiayer dielectric layer 36 is used. Thus, when the 
conductive line 34 contains polysilicon, a reaction gas containing CF4 or CFg is used 
as an etch gas. When the conductive line 34 contains aluminum, a reaction gas 
containing BCI3, BCI3+CI2, CCI4+CI2+BCI3, or SiC^+CIs is used as the etch gas. 
When the conductive line 34 contains gold or silver, a reaction gas containing 
C2CI2F2, CI2, or CCIF3 is used as the etch gas. When the conductive line 34 contains 
a transfer metal, a reaction gas containing CF4+O2, NF3+H2 or SFe+02 is used as the 
etch gas. When the conductive line 34 contains silicide, a reaction gas containing 



CF4+O2, NF3, SFq+CIj or CF4+CI2 is used as the etch gas. When the conductive line 
34 contains tungsten, a reaction gas containing SFg is used as the etch gas. 

A contact hole 42 which exposes the upper surface of the first interlayer 
dielectric layer 32 over a width W3 is formed by the etching away of the conductive 
line 34. As the contact hole 42 is being formed, the conductive line 34 and portions 
40 (see FIG. 5A) on the left and right sides of the conductive line 34 are being 
removed such that the sidewalls of the second interlayer dielectric layer 36 become 
inclined, and the exposure width W3 becomes larger than the critical dimension D of 
the conductive line 34. However, the upper surface of the first interlayer dielectric 
layer 32 can be exposed over substantially the same width as the critical dimension 
D of the conductive line 34 by accurately controlling the etching process conditions. 
Because the upper surface of the first interlayer dielectric layer 32 is exposed over a 
width W3 which is greater than or substantially the same as the critical dimension D 
of the conductive line 34, a gap is formed in the conductive line 34 at the location 
designated by reference character O in FIG. 6B. 

Referring to FIGS. 7A and 78, the contact hole 42 is extended toward the 
conductive region 31 by etching the exposed portion of the first interlayer dielectric 
layer 32 over the width W3. Preferably, the etching is stopped when the contact hole 
42 reaches substantially same level as the upper surface of the conductive region 
31. The conductive region 31 may be an interlayer wiring having a multilayered 
wiring structure, a bit line contact pad, a word line contact pad, a source region, a 
drain region or a gate electrode. An anisotropic dry etching method, such as a 
reactive ion etching method, is preferably used for etching the first interlayer 
dielectric layer 32. While the first interlayer dielectric layer 32 is being etched to 
thereby expose the conductive region 31, the inclined sidewalls of the second 
interlayer dielectric layer 36 are also etched. Hence, the width of the conductive 
region 31 being exposed could become greater than the critical dimension D of the 
conductive line 34. However, even if the exposed area of the conductive region 31 
has a width that is greater than the critical dimension D of the conductive line 34, the 
exposed area of the conductive region 31 is nonetheless self-aligned relative to the 
critical dimension D of the conductive line 34. 

In the method outlined above, the contact hole 42 which exposes the 
conductive region 31 is formed by several etching processes. However, the contact 
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hole 42 may be formed by a single etching process, in which the second interlayer 
dielectric layer 36, the conductive line 34, and the first interlayer dielectric layer 32 
are together etched using the photosensitive film pattern 38 as an etch mask. 
Alternatively, the contact hole 42 may be formed as follows. First, the upper surface 
of the conductive line 34 and the portions 40 (see FIG. 5A) of the second interlayer 
dielectric layer are exposed by etching the second interlayer dielectric layer 36 using 
the photosensitive film pattern 38 as a mask. Then the conductive line 34 and the 
first interlayer dielectric layer 32 are sequentially etched using the portions 40 of the 
second interlayer dielectric layer as a mask. 

Referring now to FIGS. 8A and 8B, the photosensitive film pattern 38 is 
removed. Moreover, as the contact hole 42 is being formed, the region defining the 
contact hole 42 may be contaminated by the organic material constituting the 
photosensitive film pattern 38 , or a natural oxide film may form on the conductive 
region 31. Thus, any such organic material and natural oxide film should be 
removed before performing the subsequent process steps. In particular, the organic 
material must be removed since a contact plug 44 (see FIG. 9B) to be formed in the 
contact hole 42 is intended to be electrically connected to the conductive line 34 via 
the sidewalls of the contact plug 44. When the organic material exists on the 
contact interi'ace between the conductive line 34 and the contact plug 44, the 
operating speed of semiconductor devices may be lowered due to contact 
resistance created by the organic material. Thus, the inside of the contact hole 42 is 
preferably cleaned by a dry cleaning method using, for example, O2 plasma. 

In this embodiment, the photosensitive film pattern 38 is removed after the 
contact hole 42 is formed. However, the photosensitive film pattern 38 may be 
removed immediately after the etching of the second interiayer dielectric layer 36. In 
this case, the contamination of the contact hole 42 by the organic material 
constituting the photosensitive film pattern 38 can be prevented. Also, in this case, 
the second interiayer dielectric layer 36 is preferably formed to such a sufficient 
thickness that it can exist on the conductive line 34 even after the contact hole 42 is 
formed. If the second interiayer dielectric layer 36 is not formed to such a sufficient 
thickness, the second interiayer dielectric layer 36 is etched back to thereby expose 
the upper surface of the conductive line 34 during the formation of the contact hole 



42, in which case the second interlayer dielectric layer can not be used as an etch 
mask any more. 

Referring to FIGS. 9A and 9B, a conducive material is deposited in the 
contact hole 42 and on the second interlayer dielectric layer 36 to form a conductive 
layer. Here, the inclined sidewalls of the second interlayer dielectric layer 36 provide 
an improved step coverage of the conductive layer and prevent defects, such as 
voids, from occurring. Subsequently, the upper surface of the semiconductor 
substrate on which the conductive layer has been formed is planarized by CMP or 
an etch back method. The conductive layer can be an aluminum layer, a copper 
layer, a gold layer, a silver layer, an impurity-doped polysilicon layer, a tungsten 
layer, a platinum layer, a tungsten silicide layer, a titanium silicide layer or a 
combination of the above-mentioned layers. Preferably, the planarization stops 
when the upper surface of the conductive line 34 is reached. The contact plug 44 
connecting the conductive line 34 to the conductive region 31 is formed once the 
upper surface of the conductive line 34 is exposed by the planarization process. The 
contact plug 44 is thus a self-aligned contact formed between the conductive line 34 
and the conductive region 31. Note, before the conductive layer is formed, a barrier 
metal layer (not shown) may be formed to improve the adhesiveness between the 
contact plug 44 and the first interlayer dielectric layer 32 and prevent the material 
constituting the contact plug 44 from being diffused into the first interlayer dielectric 
layer 32. The barrier metal layer may be a Ti/TiN film. However, the barrier metal 
layer is not limited to being a Ti/TiN film. 

The contact plug 44 formed by the first embodiment of the present invention 
penetrates the conductive line 34. On the other hand, the contact plug formed by 
the conventional technique cannot penetrate the conductive line 34 since it is 
formed prior to the forming of the conductive line 34. Because the contact plug 44 
formed according to the present invention penetrates the conductive line 34, the 
contact plug 44 and the conductive line 34 are electrically conductively connected 
via the sidewalls of the contact plug 44. 

According to the first embodiment of the present invention, the cross- 
sectional area of the contact plug taken in the X-Y plane decreases in a direction 
extending from the upper portion of the contact plug 44 to the lower portion thereof. 
This is because the upper portion of the contact hole 42 in which the contact plug 44 
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is to be formed is defined by the photosensitive film pattem, which has a large 
alignment margin and defines an opening having a width that is greater than the 
critical dimension of the conductive line 34, while the lower portion of the contact 
hole 42 has a width that essentially corresponds to the critical dimension of the 
conductive line 34. 

A second embodiment of a semiconductor device fabrication method 
according to the present invention will now be described in detail with reference to 
FIGS. 10 through 16. In this embodiment, the steps of forming a conductive region 
on a semiconductor substrate and of forming a first interlayer dielectric layer on the 
semiconductor substrate are the same as those in the first embodiment described 
with reference to FIGS. 3A and 3B. 

As shown in FIG. 10, a conductive layer Is formed by depositing a conductive 
material on the first interlayer dielectric layer 32. Then, the conductive layer is 
patterned using photolithography to form a conductive line 34' having a first width D 
as a critical dimension. Whereas the conductive line 34 produced according to the 
first embodiment of the present invention is contiguous, the conductive line 34' 
produced according to the second embodiment is discontinuous so as to define a 
gap of a width W4, in a region designated by the dashed circle O' However, the 
conductive line 34' is formed of the same material as that in the first embodiment, 
and may be formed by the Damascene process described with reference to the first 
embodiment. 

Referring now to FIGS. 1 1 and 12, a second interlayer dielectric layer 36 is 
formed on the conductive line 34' and the first interlayer dielectric layer 32 by the 
same method used in the first embodiment. Then, a photosensitive film pattern 38 is 
formed on the second interlayer dielectric layer 36. The width W5 of the opening 
defined by the photosensitive film pattern 38, in the direction of the Y axis, is greater 
than the width W4 of the gap in the conductive line 34'. Also, the width Wg of the 
opening defined by the photosensitive film pattern 38, in the direction of the X axis, 
is greater than the critical dimension D of the conductive line 34'. The photosensitive 
film pattern 38 is thus capable of completely exposing the region O' where the gap 
in the conductive line 34' is formed. 

Referring now to FIGS. 13 and 14, a contact hole 42 for defining a 
subsequently produced contact plug 44 ( FIG. 16) is formed by a single etching 
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process using the photosensitive film pattern 38 and the conductive line 34' as etch 
masks. The reaction gas used in this etching process is preferably capable of 
etching the first and second interlayer dielectric layers 32, 36 faster than the 
conductive line 34'. Thus, when the first or second interlayer dielectric layer 
contains silicon oxide, a reaction gas containing CF4+H2, C2F6, C^fg or CHF3 is used 
as the etch gas, and when the first or second interlayer dielectric layer contains 
silicon nitride, a reaction gas containing CF4+O2+H2, C2F6, CgFg or CHF3 is used as 
the etch gas. 

In the single etching process of the second embodiment of the present 
invention, first, the second interlayer dielectric layer 36 is etched. As the process 
proceeds, the conductive line 34' begins being exposed. Once the conductive line 
34' is exposed, the portion of the second interlayer dielectric layer 36 occupying the 
gap in the conductive line 34' is etched away, whereby the upper surface of the first 
interlayer dielectric layer 32 is exposed and a contact hole 42 which defines the 
contact plug begins being formed. Furthermore, the conductive line 34" now serves 
as an etch mask. At this time, the exposure width W7 of the first interlayer dielectric 
layer 32 may be greater than the original width of the gap in the conductive line 34', 
because the portion of the conductive line 34'serving as the etch mask is etched 
along with the portion of the second interlayer dielectric layer 36 occupying the gap 
in the conductive line 34". However, the first interlayer dielectric layer 32 can be 
exposed over only substantially the same width as the width of the original gap in 
the conductive line 34' by accurately controlling the etching process conditions. 
Furthermore, it should be noted that the sidewalls of the conductive line 34' become 
inclined as the portion of the second interlayer dielectric layer 36 occupying the gap 
in the conductive line 34' is etched away. 

Referring to FIG. 15, the region of the first interlayer dielectric layer 32 
exposed at the bottom of the contact hole 42 of FIG. 15 is etched using the 
conductive line 34' as an etch mask. As the first interlayer dielectric layer 32 is 
etched away, the contact hole 42 is extended toward the conductive region 31 . The 
etching of the first interlayer dielectric layer 32 is stopped when the upper surface of 
the conductive region 31 is reached. The contact hole 42 for defining the contact 
plug 44 is completed once the conductive region 31 is exposed. 
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Referring now to FIG. 16, the photosensitive film pattern 38 is removed by the 
same method as that described in connection with the first embodiment, and then 
the contact hole 42 is cleaned. Thereafter, the contact plug 44 is formed within the 
contact hole 42. The contact hole 42 in which the contact plug 44 is formed, has 
inclined sides as in the first embodiment of the present invention. Thus, when the 
contact hole 42 is filled with a conductive material to form the contact plug 44, the 
step coverage is excellent. 

A self-aligned contact between the conductive region 31 and the conductive 
line 34' is formed from the bottom portion of the contact plug 44. 

Like in the first embodiment, the photosensitive film pattern 38 of FIG. 15 is 
preferably removed before the contact hole 42 is formed. Thus, the contact hole 42 
may be formed by two etching processes instead of the single etching process 
described above. That is, first, the region of the conductive line 34' where the gap 
therein is formed is exposed using the photosensitive film pattern 38 as an etch 
mask. Then, the photosensitive film pattern 38 is removed. Second, the conductive 
region 31 is exposed using the conductive line 34' as an etch mask. Also like in the 
first embodiment, the second interlayer dielectric layer 36 is formed to a sufficient 
thickness in the case in which the photosensitive film pattern 38 is removed before 
the contact hole 42 is formed. 

In the semiconductor device fabrication method according to the present 
invention, the width of a contact formed between a conductive region and a 
conductive line is self-aligned by the critical dimension of or the width of a gap in the 
conductive line. Thus, the degree of alignment provide by the photolithographic 
process is extremely high, so that the semiconductor device can have a high 
integration density. Also, the contact hole, in which a contact plug for connecting a 
conductive region to the conductive line is formed, has inclined sides. Thus, when 
the contact hole is filled with the conductive material, the step coverage of the 
conductive material is excellent. As a result, defects such as voids within the 
contact plug are prevented from occurring. 

Although the preferred embodiments of the present invention have been 
described with reference to FIGS. 3A through 9B and FIGS. 10 through 16, various 
modifications, which will be apparent to those of ordinary skill in the art, may be 
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made thereto without departing from the true spirit and scope of the invention as 
defined by the appended claims. 
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What is claimed is: 

1 . A metiiod of fabricating a semiconductor device, comprising: 
forming a conductive region at the top of a semiconductor substrate; 
forming a first interlayer dielectric layer on the semiconductor substrate over 

the entirety of the conductive region; 

forming a conductive line, which is to be connected to the conductive region, 
on the first interlayer dielectric layer; 

forming a second interlayer dielectric layer on the conductive line; 

removing portions of the first interlayer dielectric layer, conductive line, and 
second interlayer dielectric layer which overlie the conductive region to form a 
contact hole which exposes the conductive region; and 

filling the contact hole with a conductive material to connect the conductive 
line to the conductive region. 

2. The method of claim 1 , wherein said removing of portions of the first 
interlayer dielectric layer, conductive line, and second interlayer dielectric layer 
comprises: 

forming a patterned photosensitive film on the second interlayer dielectric 
layer, the patterned photosensitive film defining an opening therein having a width 
that is greater than the critical dimension of the conductive line, 

etching the second interlayer dielectric layer using the photosensitive film 
pattern as an etch mask until the conductive line is exposed, and 

etching the conductive line and the first interlayer dielectric layer using the 
etched second interlayer dielectric layer as an etch mask. 

3. The method of claim 2, wherein the etching of the conductive line and 
the first interlayer dielectric layer comprises: 

etching the conductive line using the etched second interlayer dielectric layer 
as an etch mask to expose the first interlayer dielectric layer, and 

then discretely etching the exposed first interlayer dielectric layer. 

4 jhe method of claim 2, wherein the etching of the second interlayer 
dielectric layer comprises an anisotropic etching process which produces inclined 
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sidewalls therein, whereby the cross-sectional area of an upper portion of the 
contact hole is greater than that of a lower portion thereof. 

5. The method of claim 3, wherein the etching of the second interlayer 
dielectric layer comprises an anisotropic etching process which produces inclined 
sidewalls therein, whereby the cross-sectional area of an upper portion of the 
contact hole is greater than that of a lower portion thereof. 

6. The method of claim 2, and further comprising removing the 
photosensitive film pattern before the conductive line is etched. 

7. The method of claim 3, and further comprising removing the 
photosensitive film pattern before the conductive line is etched. 

8. The method of claim 1 , wherein the forming of the conductive line 
comprises: 

forming a dielectric film pattern defining a line-shaped opening on the first 
interlayer dielectric layer, and 

depositing conductive material in the line-shaped opening. 

9. A method of fabricating semiconductor devices, comprising: 
forming a conductive region at the top of a semiconductor substrate; 
forming a first interlayer dielectric layer on the semiconductor substrate over 

the entirety of the conductive region; 

forming a conductive line, which is to be connected to the conductive region, 
on the first interlayer dielectric layer, the conductive line having a gap therein of a 
predetermined width; 

forming a second interlayer dielectric layer on the conductive line such that a 
first portion of the second interlayer dielectric layer occupies the gap in the 
conductive line; 

removing a portion of the first interlayer dielectric layer overlying the 
conductive region, the first portion of the second interlayer dielectric layer occupying 
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the gap in the conductive line, and a second portion of the second interlayer 
dielectric layer overlying the gap to form a contact hole; and 

filling the contact hole with a conductive material to connect the conductive 
line to the conductive region. 

1 0. The method of claim 9, wherein the of removing portions of the first 
and second interlayer dielectric layers comprises: 

forming a photosensitive film pattern on the second interiayer dielectric layer, 
the photosensitive film pattern defining an opening therein having widths, in two 
orthogonal X and Y directions, that are greater than the critical dimension of and the 
width of the gap in the conductive line, respectively, and 

etching the second portion of the second interiayer dielectric layer, the first 
portion of the second interiayer dielectric layer occupying the gap in the conductive 
line, and a portion of the first interiayer dielectric layer underiying the gap in the 
conductive line, using the photosensitive film pattern and the conductive line as etch 
masks. 

1 1 . The method of claim 9, wherein the etching of the first and second 
interiayer dielectric layers comprises: 

etching the second portion of the second interiayer dielectric layer using the 
photosensitive film pattern as an etch mask until a portion of the conductive line 
defining the gap is exposed, and 

etching the first portion of the second interiayer dielectric layer occupying the 
gap in the conductive line, and the portion of the first interiayer dielectric layer 
underiying the gap, using the etched second interiayer dielectric layer and the 
portion of the conductive line defining the gap therein as etch masks. 

1 2. The method of claim 9, wherein the etching of the portion of the 
conductive line defining the gap therein comprises an anisotropic etching process 
which produces inclined sidewalls therein, whereby the cross-sectional area of an 
upper portion of the contact hole is greater than that of a lower portion thereof. 
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1 3. The method of claim 1 0, wherein the etching of the portion of the 
conductive line defining the gap therein comprises an anisotropic etching process 
which produces inclined sidewails therein, whereby the cross-sectional area of an 
upper portion of the contact hole is greater than that of a lower portion thereof. 

14. The method of claim 11, further comprising removing the 
photosensitive film pattern after the portion of the conductive line defining the gap 
therein is exposed. 

15. The method of claim 9, wherein the forming of the conductive line 
comprises: 

forming a dielectric film pattern having a line-shaped opening on the first 
interlayer dielectric layer; and 

depositing conductive material within the line-shaped opening. 

16. A semiconductor device having a conductive region, a conductive line, 
and a contact plug having an upper portion, sidewails and a lower portion defining 
the bottom thereof, the conductive line being electrically connected to the conductive 
region via the sidewails of the contact plug, the conductive region being electrically 
connected to the conductive line via the bottom of the contact plug, and the cross- 
sectional area of the contact plug decreasing in a direction extending from the upper 
portion of the contact plug to the lower portion thereof. 

1 7. The semiconductor device of claim 1 6, wherein the lower portion of the 
contact plug is self aligned with the critical dimension of the conductive line. 

18. The semiconductor device of claim 1 6, wherein the width of the upper 
portion of the contact plug, as taken in the width-wise direction of the conductive 
line, is greater than the critical dimension of the conductive line. 

19. The semiconductor device of claim 16, wherein the conductive region 
is one of a bit line contact pad, a word line contact pad, a source region, a drain 
region, a gate electrode, and an interlayer wiring. 
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20. The semiconductor device of claim 1 6, wherein the conductive line is 
of a bit line, a word line, and an interlayer wiring. 
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Abstract of the Disclosure 
A semiconductor device includes a conductive region, a conductive line, and 
a contact plug electrically connecting the conductive line to the conductive region. 
The conductive line is electrically connected to the conductive region via the 

5 sidewalls of the contact plug and the conductive region is electrically connected to 
the conductive line via the bottom of the contact plug. The cross-sectional area of 
the contact plug decreases in a direction from the upper portion of the contact plug 
to the lower portion thereof. In a method of fabricating a semiconductor device 
having a self-aligned contact, the contact plug is formed after the conductive line is 

0 formed. In a first method, a conductive line is formed in an interlayer dielectric layer. 
Portions of the interlayer dielectric layer and conductive line are etched to form a 
contact hole in which the contact plug is formed. In a second method, a conductive 
line having a gap therein is formed in an interlayer dielectric layer. Portions of the 
interlayer dielectric layer, including that occupying the gap in the conductive line, are 

.5 etched to form the contact hole. 
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FIG. 1 (PRIOR ART) 
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FIG. 2 (PRIOR ART) 
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